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http://dx.doi.org/10.1016/j.pedneo.2
1875-9572/Copyright ª 2014, TaiwanObjective: There is no consensus on standard treatment for right colon perforation in pediatric
patients. We reviewed our cases over the past 21 years, comparing the effects of different
operations to the long-term growth of patients.
Methods: From February 1990 to October 2011, 29 patients of right colon perforation were
enrolled in our analysis after excluding tumors, diverticulum, volvulus, and tuberculosis. Clinical
information was collected from medical records, and analysis was done over 26 cases younger
than 10 years at the time of the treatment. Surgical options included primary repair (D group,
12 cases), segmental resection (S group, 5 cases) and right hemicolectomy (H group, 9 cases).
The length of postoperative stay, complications, and body weight growth in body weight percen-
tile curve chart at last follow-up visit in each group were compared by analysis of variance.
Results: Of the 26 patients who underwent the right colon perforation treatment, cecum perfo-
rationwas found in 16 (62%), ascending colonperforation in six (23%), transverse colonperforation
in three (12%), and combined ascending and transverse colon in one (4%). No mortality or anasto-
motic leakage occurred. Themean length of postoperative stay was shorter in the D group than in
the S andH groups butwithout statistical significance (mean 10.9 days vs. 11.6 days and 17.9 days,
respectively). Long-termbodyweight growthwas significantly better in theD group (þ26.3 22.2
percentile) than the H group (4.8  8.0 percentile; pZ 0.02).nch, Tainan Hospital, Ministry of Health and Welfare, Number 72, Muchang, Xinhua District, Tainan
om (J.-P. Chuang).
014.09.001
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160 C.-J. Chen, J.-P. ChuangConclusion: For right colon perforation in children, simple closure following debridement has
long-term benefits over more extensive resections.
Copyright ª 2014, Taiwan Pediatric Association. Published by Elsevier Taiwan LLC. All rights
reserved.1. Introduction
Colon perforation is a life-threatening infection in the pe-
diatric population, which requires early surgical manage-
ment. Among the etiologies of nontraumatic colon
perforation in pediatric patients, necrotizing enterocolitis
contributes to most perforations in neonates, especially in
premature newborns.1e3 However, other entities of spon-
taneous colon perforation in the childhood such as
EhlerseDanlos syndrome, lymphoma, and infections have
also been reported.4e7 On average, the ascending colon and
transverse colon are the most frequent sites of
perforation.8,9
For colon perforation, management depends largely on
factors such as the cause of the perforation, the integrity of
the surrounding intestinal tissue and the time elapsed prior
to the commencement of treatment. However, there is as
yet no consensus on how best to treat right colon perfora-
tion in pediatric patients. We reviewed our cases over the
past 21 years, comparing the effects of different operations
to the long-term growth of patients.Table 1 Perforation sites and operative procedures.
Debridement Segmental
colectomy
Hemicolectomy Total
Cecum 11 1 4 16
Ascending
colon
1 5 6
Transverse
colon
1 2 3
Combined 1 1
Total 12 5 9 262. Materials and methods
We retrospectively reviewed pediatric patients treated for
right colon perforation in the National Cheng Kung Univer-
sity Hospital, Tainan, Taiwan from February 1990 to
October 2011. Our aim was to evaluate management ap-
proaches based on their effects on growth outcomes of
patients. We excluded cases involving tumors, diverticuli,
obstruction, volvuli, inflammatory bowel diseases, necro-
tizing enterocolitis, and tuberculosis. Patients with a his-
tory of prematurity, small for gestational age, and genetic
diseases affecting body weight (BW) growth (BWG) are also
excluded. Ninety percent of the total 29 patients of right
colon perforation were enrolled by these criteria, or 26
cases involving patients younger than 10 years at the time
of the treatment. We also excluded patients older than 10
years because their bodies had completed most of their
BWG, yielding a total of 26 patients in this study. Medical
records including sex and age of patients, perforation sites,
aerobic and anaerobic cultures, and operative procedures
and complications are reviewed. The disease severity in our
study group is not universal and can be divided into three
levels: mild (simple and only 1 or 2 colonic perforations);
moderate (colonic perforation associated with colonic ne-
crosis picture); and severe (multiple perforations or ne-
crosis over the long segment of the right colon). The
patients were further grouped by the type of surgeries they
underwent, including 12 cases of debridement and primary
repair (D group), five cases of segmental resection (Sgroup), and nine cases of right hemicolectomy (H group).
For segmental right colon resection, the right colon is first
mobilized from its retroperitoneal attachments by incising
the white line of Toldt. The extent of resection is based on
the perforation size and tissue circulation condition. For all
three groups, key statistics including the length of post-
operative stay, complications, baseline (preoperative) BW
percentile, and BWG (in BW percentile curve chart) at the
last follow-up visit were compared by independent t test
analysis.3. Results
Of the 26 patients enrolled in our analysis, 14 were male.
The mean age of all patients was 55.4  42 months, and our
mean following time was 66  55.3 months. Among these 26
patients, the perforation was found in the cecum in 16, the
ascending colon was found in six, the transverse colon was
found in three, and combined ascending and transverse
colon was found in one (Table 1). Further analysis revealed
simple and only one or two colonic perforations in 13 pa-
tients, of which colonic perforation associated with colonic
necrosis picture was found in 10 patients and multiple
perforations or necrosis over the long segment of right
colon was found in three patients (Table 2). Of the 16 cases
of cecal perforation, 11 were treated with debridement
and primary repair (D group), one with segmental resection
(S group), and four with right hemicolectomy (H group). Of
the six cases with ascending colon perforation, five were
treated with right hemicolectomy and one with segmental
bowel resection. Of the three cases with transverse colon
perforation, two were treated with segmental resection
and one with debridement. The case of combined
ascending and colon perforations was treated with partial
colectomy (Table 1). No mortality or anastomotic leakage
occurred.
The most frequent bacteria found in aerobic and
anaerobic cultures of contaminated peritoneum were
Table 2 Different disease severity of the patients with
different operative procedure in Surgeon A and Surgeon B.
Mild
(n Z 13)
Moderate
(n Z 10)
Severe
(n Z 3)
Surgeon A Debridement 7 1 0
Segmental
colectomy
0 4 1
Hemicolectomy 0 0 1
Surgeon B Debridement 4 0 0
Segmental
colectomy
0 0 0
Hemicolectomy 2 5 1
Mild Z simple and only one or two colonic perforations;
Moderate Z colonic perforation associated colonic necrosis
picture; Severe Z multiple perforations or necrosis over the
long segment of right colon.
Conservative surgery for right colon perforation 161Escherichia coli (in 18 patients), Enterococcus (in 11 pa-
tients), Klebsiella pneumoniae (in 9 patients) and Viridans
streptococcus (in 3 patients). The results of cultures were
negative in six patients.
Two of 12 patients treated with debridement had wound
dehiscence. One patient operated with segmental colec-
tomy suffered from wound infection. Of the nine cases
operated with right hemicolectomy, one experienced
wound dehiscence and another two experienced wound
infection.
The mean length of postoperative nil per os was
7.4  10.1 days. Oral feeding was started after 5.8  2.1
postoperative days in the D group, 4  1.1 days in the S
group, and 10.6  15.2 days in the H group. The patients
operated with segmental colectomy started oral feeding
the fastest, although the statistical significance was small
(p Z 0.434). The mean length of postoperative hospital
stay was 14.2  10.4 days. Postoperative stay was shorter in
the D group than in the S and H groups, but the result was
not statistically significant (mean 10.9  3.1 days vs.
11.6  5.6 and 17.9  14.6 days, respectively, p Z 0.386).
The baseline BW percentile was not significant between the
D and H groups (mean 54.7  32.6 vs. 53.5  24.4 per-
centiles, respectively, p Z 0.825). There was no signifi-
cance between H and S groups (mean 53.5  24.4 vs.
55.2  32.2, respectively, pZ 0.867) and between D and S
groups (mean 54.7  32.6 vs. 55.2  32.2 respectively,Table 3 Outcomes of operative procedures.
Debridement Segm
Duration of nil per os (d) 5.8  2.1 4
Baseline BWG (%) 54.7  32.6 55.2
D vs. H
S vs. H
D vs. S
Long-term BWG (%) 26.3  22.2 9.2
D vs. H
S vs. H
D vs. S
BWG Z body weight growth; D Z debridement; H Z hemicolectomypZ 1.00). Those results meant that the three groups were
very similar in baseline BW percentile. Long-term BWG was
significantly better in the D group (þ26.3  22.2 percentile)
than in the H group (4.8  8.0 percentile; p Z 0.02).
However, there was no significant difference between the D
and S groups (9.2  9.9 percentile, p Z 0.09) or between
the S and H groups (p Z 0.19), which was probably due to
the small number of cases (Table 3).4. Discussion
The most valuable tool for assessing a child’s growth is a
well-kept growth chart, (Figures 1 and 2), which measures
the range of their heights and weights and converts them
into age appropriate percentiles.10,11 Frequent monitoring
of childhood growth and development in the follow-up of
gastrointestinal operation helps identify those who are
chronically malnourished and those who have entered a
vicious cycle of infection, diarrhea, and further poor
growth.12e14
For growth and development in children, nutrition plays
a pivotal role. A diet with adequate calories and protein is
critical for growth especially in the pediatric population. In
our study, we excluded cases of children older than 10
years because they were approaching adolescence when
the role of nutrition for growth is less significant. It is well
known that bowel resection has an important impact on the
nutrition and development of children.15 Although some
studies suggest that adequate nutrition status can be
maintained,16 resection of the ileocecal valve without
extensive bowel resection like that done in hemicolectomy
can cause chronic diarrhea17 and negatively affect nutri-
tional absorption.
Infants and children are the most vulnerable to micro-
nutrient deficiencies because of the higher vitamin and
mineral intake required for rapid growth relative to the
amount of food they eat.18 Vitamin B12 and bile acid are
mainly absorbed in the terminal ileum. Normal flora in the
ascending colon produce vitamin K and folate, and they
convert unabsorbed carbohydrates to short-chain fatty
acids absorbable by the colon.15 It has been estimated that
“colonic salvage” (of energy-providing material that would
otherwise lost) may contribute 5% of basal energy
requirement.19 Intact ileocecal valve function is proven to
reduce the occurrence of micronutrient malnutrition inental colectomy Hemicolectomy p
 1.1 10.6  15.2 0.434
 32.2 53.5  24.4
0.867
0.825
1
 9.9 4.8  8.0
0.02
0.19
0.09
; S Z segmental colectomy.
Figure 1 Body weight-for-age percentiles: boys, age 2e20
years.
Note. From the National Center for Health Statistics in
collaboration with the National Center for Chronic Disease
Prevention and Health Promotion. 2000. http://www.cdc.gov/
growthcharts/clinical_charts.htm Adapted with permission.
Figure 2 Body weight-for-age percentiles: girls, age 2e20
years.
Note. From the National Center for Health Statistics in
collaboration with the National Center for Chronic Disease
Prevention and Health Promotion. 2000. http://www.cdc.gov/
growthcharts/clinical_charts.htm Adapted with permission.
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ileum and maintaining the relative sterility of the small
intestine. After resection of the ileocecal valve and part of
the ileum as in the right hemicolectomy, reflux from the
colon results in fat maldigestion and reduced surface area
for vitamin A, D, E, and K absorption.21,22 It also causes
carbohydrate malabsorption and D-lactate production.
Without a functioning ileocecal valve, facultative anaer-
obes entering from the colon produce enterotoxins,
resulting in epithelial inflammation, villous atrophy, and
impaired absorption of the small intestine. Through small
bowel bacterial overgrowth, ileocecal valve resection in
pediatric patients induces many untoward clinical effects
including bacterial translocation, endotoxemia, liver
injury, and longer duration of parenteral nutrition.23 Long-
term BWG was significantly better in the D group
(26.3  22.2 percentile) than in the H group (4.8  8.0
percentile; p Z 0.02; Table 2). In infants and children,
hemicolectomy (excision of the right colon, ileocecal valve,
and terminal ileum) can affect the above-mentioned pro-
cesses and result in malabsorption and growth failure.
However, there is no significant difference of long-term
BWG between the S and H groups (p Z 0.19). The reason-
able explanation is that long-term BWG is affected not only
by the ileocecal valve function preservation, but also by the
extent of segmental colon resection. Our study is limited byits small sample size, thus failing to reflect the slight BWG
change differences in segmental and right hemicolectomy
groups. This may also explain why the BWG difference be-
tween the D and S groups (9.2  9.9 percentile, p Z 0.09)
did not reach the level of significance. Surgery for bowel
perforation depends on the bacterial population of the
segment of bowel perforated and the severity of contami-
nation. The microorganism population of the small bowel is
about 1034/mL and includes aerobes and facultative an-
aerobes bacteria. In the distal bowel, the population in-
creases logarithmically to 1045/mL in the terminal ileum,
1067/mL in the ascending colon, and 10911/mL in the left
colon.24 Therefore, the contamination becomes more se-
vere as the site of perforation moves more distally and the
appropriate surgical procedure becomes different. Perfo-
rations of the small intestine are often repaired with pro-
cedures from local debridement to segmental resection and
primary anastomosis. Left colon perforation is mainly
treated with segmental resection and colostomy to reduce
the risk of severe contamination. The right colon is situated
just between the small intestine and the left colon, so the
management principle is also just between those used for
the small bowel and left colon perforations. For right colon
perforation, the surgical options range from conservative to
aggressive including primary closure, wedge resection,
Table 4 Outcomes of different surgeons with different operative procedures.
Debridement Segmental colectomy Hemicolectomy BWG
(Mean  SD)
Surgeon A
(n Z 14)
8 5 1 27.25  24.94
Surgeon B
(n Z 12)
4 0 8 4.50  24.48
p Z 0.007.
SD Z standard deviation.
Conservative surgery for right colon perforation 163cecostomy, ileostomy, segmental resection, and right
hemicolectomy.
Despite the above principles, there remain many factors
affecting our decisions regarding selection of procedures
for right colon perforation, which explains why there is no
consensus on the operative methods. There is no compre-
hensive guideline for surgical treatment of right colon
perforation in the English literature, especially for the
pediatric population. How we treat right colon perforation
is a complex issue and depends on the local and general
factors of patients. Local factors include perforation site,
size and number, vascular supply, mucosa status, status of
neighboring segments, and presence of serosal tears.
General factors include the age of patients, associated
diseases and the severity of sepsis. For young patients with
a single perforation, healthy local bowel conditions, and
minimal intraperitoneal contamination, we tend to perform
more conservative operations such as wedge debridement
and primary repair. For these patients, more aggressive
management caused poorer BWG in our series. We now
adopt conservative debridement and primary closure for
patients with limited severe local and general conditions. If
the patients are older, have perforations in multiple colonic
segments, bad local bowel conditions, or heavy intraperi-
toneal contamination, more aggressive operations are
usually performed. However, surgeons are often ambiva-
lent about choosing the operative procedure when pre-
sented with grave sepsis or other associated diseases. We
should remove the ischemic area and source of contami-
nation as completely as possible to halt the continuing
contamination and assure bowel healing. However, we
should also consider the systemic effect of major opera-
tions such as right hemicolectomy for compromised young
children. If the perforations involve only a short segment of
the right colon or the periperforation areas are grossly
normal, and not ischemic, we can perform a more conser-
vative operation. If the perforations affects a longer
segment, or the bowel tissue along the perforations is
grossly abnormal or heavily ischemic, we will carry out
more aggressive procedures.
In our study, we have observed that surgeon’s prefer-
ence for a surgical option significantly affected the long-
term BWG. Both groups of pediatric patients treated by
surgeons A and B are similar in severity of right colon
perforation sites and numbers. In the case of the surgeon
who preferred to perform more aggressive resection, his
patients in the following years reflect a more significantly
negative impact on BWG (Table 4). Thus, this result once
again stressed the benefits of conservative surgical options
in BWG if general and local conditions allow.The contribution of the current study is that it is the first
to discuss the long-term effect of growth after an operation
for right colon perforation. A 1977 article including 19 adult
patients treated with simple closure, peritoneal drainage,
cecostomy, right hemicolectomy, and colostomy reported a
rather high mortality (6/19, 32%).25 Another 20-case article
in 2009 had a better outcome with a 5% mortality after
similar procedures for patients after primary cesarean de-
livery.26 The surgical procedures in these two adult papers
indicate no consensus of the operation methods. A pediatric
series with 11 children of typhoid cecal perforations found
wedge resection and simple closure resulted in a shorter
length of hospital stay and fewer complications compared
with ileostomy and simple closure.27 However, no effect of
surgical procedures on long-term growth has ever been dis-
cussed in the English literature. We are the first to study the
comparative long-term effects of different surgical pro-
cedures on growth in children with right colon perforation.
Our study is limited by its retrospective design. There-
fore, nutritional benefits such as improved absorption of fat
and vitamins A, D, E, and K after preserving the right colon,
and reduced toxicity from preservation of the ileocecal
valves were not evaluated in the study. Another limitation
of our study is its small sample size, so more patients may
be needed to draw a definite conclusion about the most
suitable procedure for right colon perforation. However,
according to our present results, for treating right colon
perforation in children, simple closure following debride-
ment has long-term benefits over more extensive re-
sections. The benefits may be related to there being more
patients with mild severity in the group of simple closure
following debridement. Therefore, it should be the proce-
dure of choice if general and local conditions allow. For
children who undergo extensive resection, regular moni-
toring and aggressive nutritional supplementation are
warranted.Conflicts of interest
The authors have no conflicts of interest relevant to this
article.References
1. Bell MJ. Perforation of the gastrointestinal tract and peritonitis
in the neonate. Surg Gynecol Obstet 1985;160:20e6.
2. Grosfeld JL, Molinari F, Chaet M, Engum SA, West KW,
Rescorla FJ, et al. Gastrointestinal perforation and peritonitis
164 C.-J. Chen, J.-P. Chuangin infants and children: experience with 179 cases over ten
years. Surgery 1996;120:650e5. discussion 655e6.
3. St-Vil D, LeBouthillier G, Luks FI, Bensoussan AL, Blanchard H,
Youssef S. Neonatal gastrointestinal perforations. J Pediatr
Surg 1992;27:1340e2.
4. Kinnane J, Priebe C, Caty M, Kuppermann N. Perforation of the
colon in an adolescent girl. Pediatr Emerg Care 1995;11:
230e2.
5. Webber EM, Fraser RB, Henry M, Giacomantonio M. Perforated
lymphoma of the colon in an immunosuppressed child. Med
Pediatr Oncol 1999;32:302e3.
6. Fang SB, Lee HC, Chang PY, Wang NL. Colonic perforation in
two children with Campylobacter enterocolitis. Eur J Pediatr
2000;159:714e5.
7. Vargas M, Pen˜a A. Toxic amoebic colitis and amoebic colon
perforation in children: an improved prognosis. J Pediatr Surg
1976;11:223e5.
8. Dokucu A, Oztu¨rk H, Yaǧmur Y, Otc¸u S, Onen A, Azal OF, et al.
Colon injuries in children. J Pediatr Surg 2000;35:1799e804.
9. Chang YJ, Yan DC, Kong MS, Chao HC, Huang CS, Lai JY. Non-
traumatic colon perforation in children: a 10-year review.
Pediatr Surg Int 2006;22:665e9.
10. WHO Multicentre Growth Reference Study Group. WHO Child
Growth Standards based on length/height, weight and age.
Acta Paediatr Suppl 2006;450:76e85.
11. WHO Multicentre Growth Reference Study Group. Reliability of
anthropometric measurements in the WHO Multicentre Growth
Reference Study. Acta Paediatr Suppl 2006;450:38e46.
12. Pelletier DL, Frongillo Jr EA, Habicht JP. Epidemiologic evi-
dence for a potentiating effect of malnutrition on child mor-
tality. Am J Public Health 1993;83:1130e3.
13. Pelletier DL. The relationship between child anthropometry
and mortality in developing countries: implications for policy,
programs and future research. J Nutr 1994;124:2047Se81S.
14. Black RE, Allen LH, Bhutta ZA, Caulfield LE, de Onis M,
Ezzati M, et al. Maternal and child undernutrition: global and
regional exposures and health consequences. Lancet 2008;
371:243e60.15. Dibaise JK, Young RJ, Vanderhoof JA. Enteric microbial flora,
bacterial overgrowth, and short-bowel syndrome. Clin Gas-
troenterol Hepatol 2006;4:11e20.
16. Iwanaka T, Hashizume K, Kawarasaki H, Tanaka K, Kanamori Y,
Utsuki T, et al. Ileocecal resection in neonates and infants: a
follow-up study. J Pediatr Surg 1993;28:110e2.
17. Folaranmi S, Rakoczy G, Bruce J, Humphrey G, Bowen J,
Morabito A, et al. Ileocaecal valve: how important is it? Pediatr
Surg Int 2011;27:613e5.
18. Dewey KG, Brown KH. Update on technical issues concerning
complementary feeding of young children in developing
countries and implications for intervention programs. Food
Nutr Bull 2003;24:5e28.
19. WHO Multicentre Growth Reference Study Group. Relationship
between physical growth and motor development in the WHO
Child Growth Standards. Acta Paediatr Suppl 2006;450:
96e101.
20. Yang CF, Duro D, Zurakowski D, Lee M, Jaksic T, Duggan C. High
prevalence of multiple micronutrient deficiencies in children
with intestinal failure: a longitudinal study. J Pediatr 2011;
159:39e44. e1.
21. Booth CC, Alldis D, Read AE. Studies on the site of fat ab-
sorption: 2 fat balances after resection of varying amounts of
the small intestine in man. Gut 1961;2:168e74.
22. Jeejeebhoy KN. Short bowel syndrome: a nutritional and
medical approach. CMAJ 2002;166:1297e302.
23. Hendricks KM, Duggan C. Manual of pediatric nutrition. 4th ed.
Hamilton, Ontario ; Lewiston, NY: BC Decker; 2005.
24. Baron S. Medical microbiology. 4th ed. Galveston, Tex: Uni-
versity of Texas Medical Branch at Galveston; 1996.
25. Macmanus Q, Krippaehne WW. Diastatic perforation of the
cecum without distal obstruction. Case report and review of
the literature. Arch Surg 1977;112:1227e30.
26. Laskin MD, Tessler K, Kives S. Cecal perforation due to para-
lytic ileus following primary caesarean section. J Obstet
Gynaecol Can 2009;31:167e71.
27. Chang YT, Lin JY, Huang YS. Typhoid colonic perforation in
childhood: a ten-year experience.World J Surg 2006;30:242e7.
